To evaluate the relationship between obesity, diet, physical activity and breast cancer in Thai women, we conducted a case control study with 1,130 cases and 1,142 controls. Informed consent was obtained from all participants and a structured questionnaire was performed by trained interviewers to collect information on demographic and anthropometric data, reproductive and medical history, residential history, physical activity and occupation as well as dietary habits. A significant positive association with an increased risk of breast cancer was observed in women body mass index ( 
Introduction
Breast cancer is the most common cancer among Thai women. There are evidences that the occurrence of breast cancer will continuously increase in Thailand. Although the association of overweight and obesity with postmenopausal breast cancer in Caucasians is well established, however, there is a few data among Asian women.
As living standard improve, obesity is becoming epidemic conditions not only in developed countries, but also in less developed countries. The international Agency for Research on Cancer (IARC) estimates that 25% of cancer worldwide are caused by overweight or obesity and a sedentary lifestyle (Vainio et al., 2002) . The current trend of increasing numbers of adults and children who are overweight or obese and report low levels of physical activity make understanding the association of these lifestyle patterns with cancer as a pressing healthcare issue. These lifestyle patterns may increase 1 cancer risk by several mechanisms including increased estrogens and testosterone leading to increased risk of breast and endometrial cancers; hyperinsulinemia and insulin resistance leading to increased risk of colon, breast, and pancreatic cancers; and increased inflammation and depressed immune function leading to several cancers (McTiernan et al., 1998) . Data from the national health examination survey also showed the increasing rates of obesity in Thai population (Aekplakorn et al., 2009) .
To elaborate on public health recommendation, further clarification of the association between obesity, diet, physical activity and breast cancer in Thai women is needed. We therefore analyzed data from a recently conducted case control study.
Materials and Methods

Ethical approval
This project was approved by the ethics committee of the National Cancer Institute. Informed consent was obtained from all participants before enrollment to the study.
Study participants
Cases were all new incident breast cancer patients histologically diagnosed at the National Cancer Institute in Bangkok during the period of May 2002 -March 2004 and August 2005 -August 2006 , with a participation rate of 99.6% (1126/1130). Controls were randomly selected from healthy women who visited patients admitted to the same hospitals for diseases other than breast or ovarian cancer. Control subjects were recruited during the same study period as the case ascertainment with a participate of 98.4% (1135/1142).
Data collection and statistical analysis
A structured questionnaire was used to obtained information on demographic background, socioeconomic status, reproductive and medical history, residential history, physical activity and occupation as well as dietary habits. Anthropometric measurement body height (cm) and weight (kg) were collected at the time of diagnosis. Estimated BMI at age 10 and 20 years were obtained by using BMI visual graph. Physical activity and food consumption were categorized into quartiles for analyses based on the distribution of each value among control subjects. Odd ratios (ORs) and 95% confidence intervals (CIs) were estimated by unconditional logistic regression analysis adjusted for potential confounders. Physical activity was assessed using 20 questions designed to measure both leisure time and work activities. These questions aimed to quantity time (hours and minutes) spent in bed (sleeping and resting), performing household activities (cooking and cleaning) and discretionary activities (eg. gardening, walking, bicycling and exercise). A specific metabolic equivalent (MET) abstracted from the Compendium of Physical activity was assigned to each activity according to its reported intensity (Ainsworth et al., 2011) . A MET is defined as a ratio of the metabolic rate associated with a specific activity to the resting metabolic rate. The variables estimated for the analyses were expressed in MET-hours/week, calculated as the mean number of hours per week.The retrospective dietary intake of the study participants was estimated using a semiquantitative food frequency questionnaire where cases and controls were asked to report the frequency (how often) and portion size for each food item consumed during of 12-month prior breast cancer diagnosis for cases and prior being interviewed for controls. The usual food intakes derived from the FFQ were calculated by multiplying the frequency of consumption with the daily portion size for each food group. All analyses were performed in SPSS for window (version 16.0) . All tests were two-sided, with the significance level of 0.05.
Results
Characteristics of the study population were compared by case-control status, as shown in Table 1 . The mean age of controls (43.7±11.6 years) was significantly lower (p<0.01) than that of breast cancer patients (47.0±10.4 years). Pregnancy, menopausal status, breast feeding, involuntary tobacco smoking, family history of breast cancer, and education were different between cases and controls. However, for tobacco smoking and alcohol DOI:http://dx.doi.org/10.7314/APJCP.2013.14.11.7023 Obesity, Diet, and Physical Inactivity and Risk of Breast Cancer in Thai Women consumption, no significant differences were found. As presented in Table 2 , cases had higher BMI than control, OR=1.33, 95%CI 1.07-1.65. When the results were stratified by menopausal status, the association between BMI and breast cancer risk showed stronger effect for postmenopausal women (OR=1.67, 95%CI 1.24-2.25), but no association was observed among premenopausal women. Underweight of BMI at age 10 and 20 years showed an inverse association in all women (OR=0.70, 95%CI 0.56-0.88 and OR=0.74, 95%CI 0.59-0.93, respectively) and in premenopausal status (OR=0.69, 95%CI 0.51-0.93 and OR=0.76, 95%CI 0.56-0.99). There were no different between waist circumstance, hip circumference or waist to hip ratio between cases and control. Data of habitual physical activity are presented in Table 3 . Women who had regular exercise during young adulthood were at significantly lowered OR in all women, as well as in premenopausal and postmenopausal women (OR=0.78, 95% 0.62-0.98; OR=0.76, 95%CI 0.57-0.99; OR=0.71, 95% 0.52-0.98, respectively). In addition, analyses by type of activity revealed significant protective effects for women who reported the highest quartile of walking for shopping in all and premenopausal women (OR=0.58, 95%CI 0.38-0.88 and OR=0.57, 95%CI 0.34-0.95, respectively). Household activity had no association with breast cancer risk. Table 4 shows the common dietary habits of the study participants. We observed a decreased risk of breast cancer with the highest quartile of vegetable and fruit consumption in all women group. Consumption of fish show no association with breast cancer risk. In postmenopausal women, an increased risk of breast cancer was observed among women who reported the highest quartile of eating pork (OR=1.54, 95%CI 1.09-2.49). A similar findings were observed for high consumption of chicken, OR=1.53 (95%CI 1.06-2.21) for quartile 2 and OR= 1.70 (95%CI 1.20-2.41) for quartile 3.
Discussion
Our results indicated that obesity, diet and physical inactivity may play an important role in the etiology of breast cancer. Usually, BMI is used to evaluate generalized obesity, whereas WHR or WC are used to evaluate central obesity. Many studies have concluded that obesity may increase risk of breast cancer in postmenopausal women, but no association has been identified for premenopausal women (van den Brandt et al. we found that BMI was significant associated with breast cancer (OR=1.33, 95%CI 1.07-1.65), and the risk was higher in post-menopausal status (OR=1.67, 95%CI 1.24-2.25). The association between breast cancer and central obesity is inconsistent. Some studies have indicated that central obesity is a risk factor for breast cancer (Friedenreich, 2001) , whereas others have found no association (Sonnenschein et al., 1999) . In this study, we found no difference between breast cancer cases and control groups for WC, HC or WHR. Assessing physical activity in epidemiologic studies is difficult because of the complex nature of lifestyle exposure, the lack of available gold standards to validate exposure assessments, and the need to rely on self-reports. The use of different methods of assessment may explain the heterogeneity of the results observed across previous studies of physical activity and breast cancer (Ainsworth et al., 1998) . Our results show that women who had regular exercise during young adulthood were at lower risk of breast cancer. Interestingly, analyses by type of activity revealed significant protective effects for women who reported the highest quartile of walking for shopping in premenopausal women (OR=0.57, .
Various mechanisms of physical activity have been associated with several cancers, such as alterations in sex hormones and insulin growth factors, alterations in free radical generation, factors affecting body fat distribution, and direct effects on cancer (Shephard et al., 1995; Stein et al., 2004; Inoue et al., 2008; van Gils et al., 2009; Velthius et al., 2009 ). Exercise may act as an immune modulator that induces changes in the activity of macrophages, natural killer cells, lymphokine-activated killer cells, neutrophils, and regulating cytokines (Shephard et al., 1995) . The effects of physical activity on age at menarche, menstrual cycle function, and level of endogenous sex steroid hormone levels in girls and young women are often cited as potential mechanisms for reduced breast cancer risk (Bernstein et al., 1994) . Exercise may cause minor shifts in the hormonal milieu of premenopausal women (Bullen et al., 1984; Keizer et al., 1987) , but exercise of significant frequency and intensity is needed to induce menstrual dysfunction sufficient to result in significantly decreased exposure to sex-steroid hormones (Bullen et al., 1985) .
Fruits and vegetables are common sources of many nutritional compounds, such as dietary fiber, vitamins, minerals, and other bioactive compounds (phytochemicals), that may reduce the occurrence of breast cancer (Michels et al., 2007) . However, the bioavailability of these compounds in fruits and vegetables is variable and their ultimate health effects are uncertain (World Cancer Research Fund International, 2007) . In our study, we found that high intake of vegetables and fruits were associated with a decreased risk of breast cancer. The associations of dietary factors with breast cancer did not vary by menopausal status. Other studies, mostly conducted in Asian populations, have found the same protective effect (Malin et al., 2003; Gaudet et al., 2004; Shannon et al., 2005; Do et al., 2007; Aune et al., 2009; Zhang et al., 2009) . A meta-analysis of 23 studies also concluded that vegetable intake reduced breast cancer risk by 20% to 25% (Gaudet et al., 2004) . However, a pooled analysis of eight prospective studies conducted largely in Western populations did not find any protective effect for fruit or vegetable consumption (Smith-Warner et al., 2001) . Regarding meat intake, we found that pork and chicken intake was positively associated with breast cancer among postmenopausal women. However, previously published studies on the association between breast cancer and meat intake have been inconsistent and suggested a null association (Missmer et al., 2002; Talor et al., 2007; Kobat et al., 2009; Pala et al., 2009) . It was recently suggested by a review article (Ferguson, 2010) that the increase in risk associated with meat intake may not be a function of meat per se, but may reflect high intake of fat and/ or be attributable to the carcinogens generated through various cooking and processing methods. Meat cooked at a high temperature may contain mammary-specific carcinogens, such as heterocyclic amines (HCAs) and polycyclic aromatic hydrocarbons (PAHs) (Knize et al., 1999; Balogh et al., 2000) .
Our study has some potential limitations. The retrospective assessment of diet and physical activity may have an inherent measurement error. Although the average serving sizes were estimated, we did not ask about specific portion size. Another limitation is a possible recall bias. Reporting on the basis of histories may be biased because of the patients having knowledge of their diseases.
In conclusion, our results indicate that many nutritional factors, physical activity and obesity may play an important role in the etiology of breast cancer. Preventive strategies aimed at improving nutrition and energy imbalance may have a powerful effects on a series of pathologic conditions that may represent a source of incidence of breast cancer in Thai women.
